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Abstract
The  main  aim of  this  paper  is  to  synthesize  rare  earth  doped  phosphors  for  display  applications  in  Compact
fluorescent Lamps (CFLs) and test the utility of these phosphors in accidental radiation dosimetry.  The present
paper reports the Photoluminescence (PL) and Thermoluminescence (TL) characteristics YGdBO3  doped with Eu
and Tb phosphors.  The method of preparation followed is a standard solid state reaction (SSR).  The PL observed
with excitation at 254 nm for the YGdBO3 doped with Eu generates emission at 367, 454,595, 611 and 628 nm. The
intensity of peak at 366 nm is relatively less as compared to 594, 613 and 629nm peaks.  Photoluminescence spectra
of YGdBO3: Tb
3+(0.5%) being excited with 254 nm generates an emission at 367, 470,489, 497 and 545 nm. The
PL emission at 545 nm is very sharp and followed by a hump at 554 nm. The peak   observed at 367 in both the
specimens are normally due to crystal field. Thermoluminescence studies of beta irradiated YGdBO3: Eu and Tb
3
did show good well defined high intensity isolated TL peak around 200oC.  The calculated trap depth is 0.4ev. The
TL dosimetry (TLD) studies are interesting.  It is proposed the YGdBO3: Tb
3+ can be used as lamp as well TLD
phosphor in the case of accidental  radiation monitoring.  It  is  found the YGdBO3:Tb
3+  phosphors  can act as
phosphor in compact  fluorescent lamps as well  as a radiation detector in case of accidental nuclear fallout like
recent one  in Japan, a two in one concept.
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1. Introduction 
Among the inorganic  phosphors,  YGdBO3  doped with  trivalent  Tb and Eu   ions  are   well  known for  its  high
luminescence efficiency coupled with excellent color purity and application for lamps, PDPs and cathode ray tubes
as a green and red phosphors [1–2]. The utility of these   phosphor as the green and red component for plasma
display panel in view of its excellent luminescence  emissions. During the past few years, greater attention has been
paid to the investigation of luminescence properties of rare earth ions (Ce3+, Tb3+ or Eu3+) doped yittrium borate
 phosphors in powder forms with a view to examining their application for flat panel display devices such as field
emission displays,  plasma display  panels  and thin  film electroluminescence  devices  [3,4].  Presently  efforts  are
directed towards this area for the preparation of thin films by low cost sol–gel method and synthesis of nanometer
sized particles [5–6]. However, currently as far as we know, no report is available on PL and TL of Tb and Eu
 doped YGdBO3. Recently, it has been reported that in CaWO4, co-doping of Tb
3+ and Eu3+ ions result in the
synthesis of phosphors with variable chromatic emissions by changing activator concentration or excitation energy
[7]. In view of these, we have investigated the PL and TL dosimetric  characteristics of Eu3+ and Tb3+ ions doped in
YGdBO3  phosphor synthesized in air.
2. Experimental details 
The phosphors were prepared by adopting standard solid
state reaction method. YGdBO3: Eu, Tb rare earths doped
phosphor  were weighed  and  grounded  into  fine  powder
and sintered at 1200oC using muffle furnace for 3 hrs. The
Photoluminescence  (PL)  emission  and  excitation spectra
were  measured  by  Spectrofluorophotometer
(SHIMADZU,  RF-5301  PC)  using  Xenon  lamp  as
excitation  source.  To  identify  the  crystal  phase,  XRD
analysis  was  carried  out  with  a  powder  diffractometer
(Rigaku-D/max  2500)  using  Cu  K  radiation.
Thermoluminescence  studies  are  carried  using  the
experimental set up described by Murthy et al 2003[8]. All
the  spectra  were  recorded  at  room  temperature.  The
received powders are subjected to XRD, EDXRF, PL and
TL studies. 
3. Results and discussion 
The prepared phosphors were characterized using XRD and EDXRF studies. 
3.1 Photo luminescence Study
3.1.1. YGdBO3:Eu
3+(0.5%):
Figure.1  shows  the  photoluminescence  spectra  of
YGdBO3:  Eu
3+(0.5%)  being  excited  with  254  nm.  The
excitation  of  the  phosphor  with  254  nm  wavelengths
generates emission at 366, 454,595, 611 and 628 nm. The
intensity of peak at 366 nm is relatively less as compared
to 595, 611 and 628 nm peaks.  The PL emission at 595,
611 and 628 nm is very sharp and intense. In general, the
europium  emission  lines  at  594,  613  and  629  nm
correspond to 5D0  
7F1 (orange red) and 
5D0
7F2 (red)
transitions. The peak intensity of each red line (594, 613,
and 629 nm) depend on the Eu concentrations. For lamp
applications, all the three lines at 594 nm (orange), 613 nm
(red),  and  629  nm  (red)  are  acceptable.  The  relative
intensity ratio of 594, 613 and 729 are 10:6:4.3 which is
interesting result.   But in the case of displays, specifically
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for TV applications, it is preferable to have more of the red component.  Europium activated yttrium gadolinium
borate [(Y,Gd)BO3:Eu
3+] is an efficient red emitting phosphor. When the  YGdO3:Eu
3+  phosphor excited with
315nm the emission observed is at 449nm. 
 3.1.2 YGdBO3:Tb
3+(0.5%):
 Figure.  2  shows  the  photoluminescence  spectra  of  YGdBO3:  Tb
3+(0.5%)  being  excited  with  254  nm.  The
excitation  of  the  material  with  254  nm  wavelength  generates  an  emission  at  367,  414,489,  497,  545  and
584nm[9-12].  The PL emission at 545 nm is  very sharp and followed by a hump at 554 nm.  In Tb-activated
phosphors, the emission can be divided into three spectral regions, viz., 485—495 nm (bluish green), 535-555 nm
(green), and 580-590 nm (yellow). The fluorescence in these Tb-activated phosphors occurs due to the transitions
5D3
7F1.and  
5D4  
7F1.  The  crystal  fields  split  the  levels  into  many  sub  levels  and  generate  a  complicated
spectrum.  Probably in the case of YGdBO3: Tb
3+ phosphor also, it may be the reason for obtaining structured
emission spectra [13-15]. Fig. 3 and 4 are the XRD of the prepared phosphors. From the XRD pattern it is confirmed
the phosphor formed in single phase. Fig. 5 and 6 are the EDXRF of the prepared phosphors. The XRF pattern
revels there are no other impurities in the specimen. 
 
Fig.5: EDXRF of YGd BO3:Eu
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Fig.3: XRD Pattern of YGdBO3:Eu
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Fig.4: XRD Pattern of YGdBO3:Tb
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Fig.6: EDXRF of  YGd BO3:Tb
The crystallite size was determined
using the Scherrer equation D = k /
 cos , where k the constant (0.94),
 the wavelength of the X-ray (0.154
nm or  1.54 Å),    the  full-width  at
half  maxima  (FWHM)  and    the
Bragg  angle  of  the  XRD  peak.
Calculated  Crystallite  size  using
Scherrers  formula  for  Eu  doped
phosphor is 65nm and for Tb doped
is  57nm.  Tb doping reduced the crystallite  size by 10% when compared to Eu doping may be due to electro
negativity of the Tb ion. 
 3.2. Thermoluminescence study of YGdBO3:Eu and TB
YGdBO3:Eu
3+ and YGdBO3:Tb
3+ phosphors have been studied for their TL characteristics. The phosphors were
irradiated with a standard beta dose of 10Gy from a  Strountium-90 source. The observed glow curves are presented
in Figure 7curve ‘1’ and ‘2’.
3.2.1: TL of YGdBO3:Tb (0.5%):
In Fig.7, curve ‘1’ shows the TL glow peak pattern of
YGdBO3 being incorporated with terbium (0.5%). The
TL of the phosphor is recorded immediately after beta
irradiation. It shows an isolated and well resolved TL
peak at 200oC. The activation energy 'E' is calculated
using different  equations.  The activation energy E is
around 0.4 eV.
3.2.2: TL YGdBO3:Eu (0.5%):
In Fig.7, curve ‘2’ shows the TL glow peak pattern of
YGdBO3:Eu
3+ (0.5%). It displays TL peak at 200oC as
seen  in  the  case  of  YgdBO3:Tb
3+.  The  activation
energy 'E'  is  calculated and it  is  around 0.4 [16-18].
The TL peaks observed in YGdBO3:Tb
3+ (0.5%) and
YGdBO3:Eu
3+ (0.5%)  phosphors  are  similar  to  each
other in intensity and peak temperatures. However the
activation energies vary slightly.
The calculated E values of Eu and Tb doped phosphors are same when calculated using the following equitation.
E(ev)  = Tm(K)/500 = 0.4     ------------1  
E(ev)    = 23KTm        = 0.396 ------------2  
Tm is the peak temperature and K is the Boltzmans constant.
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The TL growth of 200oC peak of YGdBO3:Tb
3+(0.5%) is presented in  Fig.8. Curves 1,5,10, and 20 are  for various
beta doses are given to the phosphor. A hump
like peak at 315oC is generated for 20Gy beta
dose.
 Figure .8: TL of YGdBO3:Tb
3+ phosphor
for various beta doses
 
TL intensity vs beta dose in Gy is presented in
Figure 9. From figure it is found that the TL
growth  of  200oC  peak  of  YGdBO3:Tb
3+  is
linear.
 The  TL  decay  of  200oC  peak  observed  in
YGdBO3:Tb
3+ is studied for various time lags
after giving a standard beta dose of 1KGy to all
the phosphor specimens. The TL was recorded after storing
the phosphor for different durations in a dark room. Each
time 5mg of weighed and irradiated phosphor powder was
taken  for  TLD  measurement.  Figure  10  represents  TL
decay  of  200oC  peak  observed  in  YGdBO3:Tb
3+  for
various  storage  periods  namely:  Immediately  after
irradiation, after 3 days, after 7 days, after 14days, after 21
days, after 28 days and after 54 days. 
 From  Fig.7,8,9,10  it  is  observed  that  the  TL  peak  is
isolated,  the TL growth  is  linear in the beta dose range
1Gy -50KGy and TL decay is about 8%. Therefore it  is
concluded  that  the  TL  peak  observed  at  200oC  in
YGdBO3:Tb
3+ is good and possesses and meets  most  of
the TLD phosphor requirements. The E, s and ‘l’ values for
200oC  peak  observed  in  YGdBO3:Tb
3+ are  0.4eV,
frequency factor is around 1.27x1019 and order kinetics is
second order. The 200oC peak observed in YGdBO3:Tb
3+
can be used as TL dosimetry peak. The same study is repeated
for YGdBO3:Eu
3+ phosphor. The TL decay is very fast it may
not be suitable for TLD phosphor. 
Conclusions:
Eu3+ and  Tb3+ ions  doped  in  YGdBO3 phosphors  were
prepared via high temperature solid state reaction  in air. The
Eu doped  sample prepared in air shows Eu3+ red emission
was dominant with Eu3+ ions occupying asymmetric sites in
YGdBO3lattice.In  Tb
3+ doped samples prepared in air, green
(545nm)   emission   was  dominant.  When  the  Eu  doped
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phosphor is excited with 315nm good intense blue emission centred at 450 was observed.  YGdBO3:Tb
3+ display
green luminescence and can be used as a phosphor in display device like CFL. The  TL peak 200oC peak observed
in YGdBO3:Tb
3+ can be used as TL dosimetry peak. Therefore YGdBO3:Tb
3+ can be used as a Phosphor of a
display device as well as TLD. From the PL studies of YGdBO3:Eu
3+  phosphor, it may be concluded that this
phosphor may be good for display application. The TL decay of   YGdBO3:Eu
3+ is very fast it may not be suitable
for TLD phosphor. From the PL and TL studies it  is  concluded that the YGdBO3:Tb
3+ display a bluish green
luminescence and can be used as a phosphor in compact  fluorescent lamps and the lamp can serve as a radiation
detector in case of accidental nuclear fallout like recent one  in Japan due to Tsunami.  
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